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FOREWORD 
 
 
It is with great pleasure that we unveil the twelfth (12th) volume and issue number one (1) of 
ESTEEM Academic Journal (EAJ) – an online peer-refereed academic journal which 
publishes scientific and professional research articles and reviews in the fields of engineering, 
science and technology. We have included five (5) articles in this issue, four (4) of which 
were contributed by authors from UiTM Cawangan Pulau Pinang and one (1) from USM. The 
articles cover a wide range of topics in the fields of civil engineering, applied sciences, 
computer and math science, as well as pharmacy, all of them being interesting and innovative. 
We are enthusiastic about the articles published in this issue and hope you would enjoy 
reading it as much as we did. 
 
EAJ would not exist without the continued support of the top management of UiTM 
Cawangan Pulau Pinang. Therefore, we would like to grab this opportunity to extend our 
sincere appreciation and utmost gratitude to Assoc. Prof. Dr. Mohd Fozi Ali, Rector of UiTM 
Cawangan Pulau Pinang, Dr Mohd Mahadzir Mohammud @ Mahmood, Deputy Rector of 
Academic Affairs and Dr. Nor Aziyah Bakhari, Deputy Rector of Research, Industry, 
Community & Alumni Network for their generous support towards the successful publication 
of this issue. Not to be forgotten also are the constructive and invaluable comments given by 
the eminent panels of reviewers and language editors who have worked assiduously towards 
ensuring that all the articles published in this issue are of the highest quality. In addition, we 
would like to thank the authors who have submitted articles to EAJ, trusting Editors and 
Editorial Board and thus encouraging many more authors to submit their articles to us. Last 
but not least, a special acknowledgement is dedicated to those members of the Editorial Board 
who have contributed to the making of this issue and whose work has increased the quality of 
articles published in this issue. 
 
Dr. Chang Siu Hua 
Chief Editor 
ESTEEM Academic Journal 
Vol. 12, No. 1 (2016) 
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CONCENTRATIONS IN SELECTED INDUSTRIAL 
MONITORING STATIONS IN MALAYSIA USING 
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Cawangan Pulau Pinang, 13500 Permatang Pauh, Pulau Pinang, MALAYSIA. 
2,3Clean Air Research (CARE) Group, School of Civil Engineering, Engineering Campus, 
Universiti Sains Malaysia, 14300 Pulau Pinang, MALAYSIA 
1hasfazilah.ahmat@gmail.com; 2ceshukri@usm.edu.my; 3ceazam@usm.edu.my 
ABSTRACT 
Where air pollution control is concerned, the rare (extreme) event is typically 
more significant than the common event.  Conventionally, a theory developed 
to address questions relating to the distribution of extremes is the Extreme 
Value Theory (EVT).  The Bayesian approach offers a more comprehensible 
framework in incorporating all of the uncertainties involved in the prediction 
process using the conventional methods. To evaluate the performances of the 
classical and Bayesian approaches using non-informative priors in estimating 
the parameters of the Generalized Extreme Value (GEV) and to attain the best 
model to predict PM10 concentrations level. The daily maximum monitoring 
records of PM10 from January 2000 to December 2012 furnished by the 
Department of Environment, Malaysia were used in this study.  The goodness-
of-fit of the distribution was determined using performance indicators, namely, 
the accuracy measures and error measures. The best distribution was selected 
based on the highest accuracy measures and the smallest error measures. This 
study revealed that the Bayesian GEV with non-informative prior gave the best 
estimators for PM10 concentrations in three industrial monitoring stations and 
it could be applied in the PM10 analysis to predict the exceedances of future 
extreme concentrations of PM10 in these stations.  
Keywords: air pollution; Extreme Value Distribution; Bayesian; PM10; Generalized Extreme 
Value; Prediction.  
1. INTRODUCTION  
The attempt to curb air pollution within the country itself is not sufficient since air pollution is 
a trans-boundary issue.  The trans-boundary pollution resulting from land and forest fires has 
been a regular and recurring phenomenon among the ASEAN countries since the late 1980s.  
The worst incidence was in the 1997/1998 high particulate event which most affected 
Malaysia along with its neighbouring countries such as Brunei Darussalam, Singapore, parts 
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of Southern Thailand and Indonesia.  Billions of dollars were lost from the negative impacts 
on the tourism and transportation industry, the productive and aesthetic values of the 
environment as well as the health of the people (Sulaiman et al., 2003).  The incidences of 
high particulate events are generally associated with the presence of PM10 which  bring 
together negative effects to human health, environment and economy (Bowman & Johnston, 
2005; Mott et al., 2005; Ostermann & Brauer, 2001; Sastry, 2002; Vedal & Dutton, 2006; 
Yadav et al., 2003).  High concentrations of PM10 is generally associated with poor visibility 
and air quality conditions which has been established by Ilyas et al. (2010), McKenzie et al. 
(2006), Yadav et al. (2003) and Tsai (2005).  The economic loss of health impacts due to 
exposure to PM10 generally involve huge amount of cost (Hedley, 2009; Kim et al., 2007; 
Othman et al., 2014; Sun et al., 2013). 
Conventionally, a theory developed to address questions relating to the distribution of 
extremes is the Extreme Value Theory (EVT) (Finkenstadt & Rootzen, 2001).   It develops 
techniques and models for describing the unusual (extremes) rather than the usual 
phenomenon (Kotz & Nadarajah, 2000).  Where air pollution control is concerned, the rare 
event is typically more significant than the common event.  On the other hand, Coles et al. 
(2003) indicated that the Bayesian approach offers a more comprehensible framework in 
incorporating all of the uncertainties involved in the prediction process using the conventional 
methods.  In general, the uncertainties of the parameter is as a result of lack of data and that 
the selection of the probability distribution does not describe the data perfectly (Chung & 
Kim, 2013). 
In this regard, this paper discusses two objectives in mind, firstly, to evaluate the 
performances of the classical and Bayesian approaches using non-informative priors in 
estimating the parameters of the Generalized Extreme Value (GEV) and secondly, to attain 
the best model to predict PM10 concentrations level in industrial monitoring stations in Bukit 
Rambai, Melaka, Nilai, Negeri Sembilan and Pasir Gudang, Johor which are located in 
Peninsular Malaysia. 
2. MATERIALS AND METHODS 
2.1 Study Area and Monitoring Records 
The daily maximum monitoring records of PM10 from January 2000 to December 2012 
furnished by the Department of Environment, Malaysia were used in this study.  Data 
collections were done through a continuous monitoring by Alam Sekitar Sdn. Bhd. (ASMA) 
from three monitoring stations in the west coast of Peninsular Malaysia using Beta 
Attenuation Method (BAM).  Bukit Rambai, Nilai and Pasir Gudang are classified as 
industrial since all the locations are located in rapidly growing towns with heavily 
industrialized areas that are affected by heavy traffic and seasonal high particulate events 
(Azid et al., 2015; Mohamed Noor et al., 2011; Yap & Hashim, 2013).  Pasir Gudang 
monitoring station is located at a residential area within two kilometres of Pasir Gudang 
industrial area with various types of industries such as steel melting, fertilizers manufacturing, 
cement production, edible oil refinery, electroplating and a Tenaga National Berhad power 
generating plant.  It is identified as the most polluted area in Johor (Lee et al., 2012). 
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2.2 Methods 
2.2.1 Software 
The IBM SPSS (Statistical Package for the Social Sciences) version 18 was used to obtain the 
descriptive statistics of the data.  The R language, which provides a wide range for data 
manipulation, calculation and graphical displays was used to determine the trend of the PM10 
concentrations of the monitoring stations (Albert, 2009).  Matlab® version 11, a programming 
language for numerical computation, visualization, and programming package for engineers, 
was utilised to estimate parameters of the distributions and the performance indicators 
(Mathworks, 2015). OpenBUGS323 is an alternative to WinBUGS (Bayesian inference Using 
Gibbs Sampling), a free downloadable software specifically designed for the Bayesian 
analysis of complex statistical models using Markov Chain Monte Carlo (MCMC) methods 
(Ntzoufras, 2009) was used to perform all the simulations of the Bayesian model. 
2.2.2 Parameter Estimates 
i. Extreme Value Distribution (EVD) 
There are several methods to estimate parameters for each EVD. However, there is no 
consensus about which is the most appropriate. The appropriateness of the methods shall be 
determined by the performance indicators or error measures. The method of estimations 
discussed in this paper is the method of Maximum Likelihood Estimator (MLE). 
ii. Bayesian approach 
The adoption of the Bayesian approach requires a likelihood distribution, the Generalized 
Extreme Value (GEV) which uses priors of three parameters, namely: location, μ, scale, σ and 
shape, λ parameters that are intended to represent beliefs about parameters, prior to the 
availability of data. This study adopts the non-informative priors of the GEV distribution 
which were assumed to be uniformly distributed with all means equal to zero and variances 
equal to 200, 50 and 10, respectively. The distribution was set at 1000 for convergence 
towards the equilibrium and was simulated at the value of 10,000 with 10 replicates. 
2.3 Performance Indicators 
Six performance indicators were used to select the best model to represent the concentrations 
records. The accuracy measures are the Prediction Accuracy (PA), Coefficient of 
Determination (R2) and Index of Agreement (IA) of which the accuracy value is between 0 
and 1.  As the value approaches 1, the model is said to be appropriate. The error measures 
used are the Root Mean Square Error (RMSE), the Normalized Absolute Error (NAE) and the 
Mean Absolute Error (MAE) (Junninen et al., 2004; Yahaya & Ramli, 2008). As opposed to 
the accuracy measures, as the value of error measures approaches 0, the model is deemed to 
be the best model. The accuracy measures have the advantages that they are dimensionless 
and bounded between 0 and 1, that is independent of the unit of data while the error measures 
are scale and unit-dependant (Ji & Gallo, 2006). 
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3. RESULTS AND DISCUSSIONS 
3.1 Statistical Characteristics of PM10 
Table 1 presents the descriptive statistics of PM10 concentration for the monitoring stations. 
The unit of measurement of the concentrations is microgram per cubic meter (g/m3). The 
missing values were not included in the analysis since the missing value only constituted ≤ 
1% of the total data.  All the three average readings of the PM10 concentrations were well 
above the stipulated Malaysia Ambient Air Quality Guidelines (MAAQG) for the yearly 
average of 50 g/m3 (Department of Environment Malaysia, 2014). The highest average 
among the monitoring stations was that of Bukit Rambai’s with 73.29 g/m3. All the records 
were skewed to the right - above 1, an indication of the existence of the extreme 
concentrations during the 2000 – 2012 period with Nilai indicating the highest (3.03). It is 
interesting to note that the maximum concentrations were recorded in Nilai with the reading 
of 344g/m3. The analysis indicates low variability in the monitoring records since all the 
coefficients of variation were less than or equal to 0.34. 
Table 1: Descriptive statistics of daily maximum of PM10 concentration. 
  Bukit 
Rambai 
Nilai 
Pasir 
Gudang 
N valid 4694 4724 4734 
Missing 55 25 15 
Mean 73.29 65.75 55.63 
Median 70.00 62.00 54.00 
Std. Deviation 22.24 22.54 17.87 
Skewness 1.87 3.03 1.66 
Kurtosis 9.33 23.17 5.84 
Minimum 22.00 23.00 20.00 
Maximum 268.00 344.00 192.00 
Coefficient of variation 0.30 0.34 0.32 
3.2 Parameter Estimates and Performance Indicators 
Table 2 provides the goodness-of-fit for classical and Bayesian GEV.  In comparing the 
classical and the Bayesian approaches, the GEV Bayesian approach with the non-informative 
(NI) uniform prior was the best distribution for all the industrial monitoring stations with the 
smallest errors (NAE, RMSE and MAE) and the highest accuracy measures (PA, R2 and IA).  
The indicators obtained were excellent with more than 97% in PA, IA and R2 for all stations.  
The error measures recorded from the analyses were all below 5 - the closest to zero. 
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Table 2: Performance indicators for classical and Bayesian GEV. 
Monitoring 
Stations 
Method 
Performance Indicators  
NAE RMSE MAE PA R2 IA Overall 
Bukit 
Rambai 
GEV – 
EVD 
0.3891 29.1232 28.5176 0.9735 0.9473 0.7325 
GEV - NI 
GEV – NI 0.0226 3.3652 1.6569 0.9887 0.9771 0.9943 
Nilai 
GEV – 
EVD 
28.1464 
48159.9
8 
4029.47 0.3796 0.1421 0.0014 
GEV - NI 
GEV – NI 0.0233 4.8523 1.5322 0.9770 0.9541 0.9877 
Pasir 
Gudang 
GEV – 
EVD 
0.0126 1.6076 0.7014 0.9959 0.9914 0.9979 
GEV - NI 
GEV – NI 0.0127 1.6054 0.7062 0.9960 0.9915 0.9980 
3.3 Prediction 
The selection of the best distribution to represent each of the monitoring stations was 
determined using the ranking of the performance indicators.  Following the estimation of 
parameters and the selection of the best model based on the performance indicators, 
Probability Density Functions (PDF) and Cumulative Distribution Functions (CDF) of the 
GEV for all the monitoring stations were plotted.  Figure 1 demonstrates that the plots of the 
distribution have long tails to the right indicating the existence of the extreme concentrations 
in those years under review.  The distributions obtained fitted very well with the observed 
concentrations in all locations.  
 
Figure1: Probability Density Function (PDF) of GEV for (a) Bukit Rambai, (b) Nilai, and (c) Pasir Gudang. 
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6 
From the plots of CDF as shown in Figure 2, the probabilities of the concentrations exceeding 
the levels of MAAQG of 150 g/m3 were estimated. 
 
Figure 2: Cumulative Distribution Function (CDF) of GEV for for (a) Bukit Rambai, (b) Nilai and (c) Pasir 
Gudang. 
Table 3 depicts the probability of PM10 concentrations exceeded MAAQG with the predicted 
and the actual number of days.   
Table 3: Comparison of predicted and actual number of days with concentrations > 150 g/m3. 
Stations 
Probability 
concentrations 
exceeding 150 g/m3 
Predicted Actual 
% 
compliance 
Return 
Period 
Bukit Rambai 0.0069 33 36 92 3 
Nilai 0.0045 22 38 58 2 
Pasir Gudang 0.0014 15 15 100 5 
 
The Bayesian approach estimates the number of exceedances that have more than 92% 
compliance with the actual number of exceedances in Bukit Rambai and Pasir Gudang.  The 
estimation was particularly good in Pasir Gudang with 100% compliance with the actual 
exceedances.  The prediction is particularly important for Pasir Gudang due to the fact that the 
findings of the annual maximum trend indicated an increasing trend from 2000 – 2012 in this 
location. 
The return period for every location is the reciprocal of the probability of exceedances 
(Selaman et al., 2007).  In summary, it can be estimated that every year, Bukit Rambai will 
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experience an average of 3 days of extreme concentrations above 150µg/m3 while Pasir 
Gudang is projected to have 5 days of high concentrations. 
4. CONCLUSION 
This paper discusses the best distribution/model to predict the probability and the number of 
days of the extreme concentrations which exceeded the permissible value of PM10 
concentrations of 150g/m3 in three monitoring stations in the west coast of Malaysia.  The 
two approaches, namely, the classical and Bayesian non-informative and informative priors 
were selected to fit the monitoring records.  Both of the approaches utilized the GEV 
distribution.  All the daily maximum concentrations records without missing values from 
2000 – 2012 were used to analyse the efficiency of the GEV using these two different 
approaches.  The analysis of three accuracy measures, namely, PA, R2 and IA and three error 
measures – NAE, RMSE and MAE were obtained to indicate the efficiency or the 
performance indicators of the distributions. 
From the findings, the average readings of the PM10 concentrations in all the monitoring 
stations were well above the stipulated MAAQG for the yearly average of 50 g/m3 with the 
maximum readings recorded in Nilai.  The highest concentration recorded in 2005 was due to 
trans-boundary smoke from forest fires in Sumatera which was transported by South-westerly 
winds.  The central region of Peninsular Malaysia was the most affected by the unfavourable 
weather conditions of hot and dry periods as the effect of South-westerly winds.  
The Bayesian GEV with non-informative priors gave the best estimators for all the monitoring 
stations with the smallest errors (NAE, RMSE and MAE) and the highest accuracy measures 
(PA, R2 and IA) as compared to the MLE.  The method gave the accuracy of more than 93% 
in PA, IA and R2 for both stations and the smallest errors. 
From the plots, the probabilities of the concentrations exceeded the levels of MAAQG of 150 
g/m3 were estimated and the predicted numbers of day were calculated.  The estimated 
numbers of days for two of the monitoring stations were close to that of the actual numbers of 
days.  To conclude, the Bayesian non-informative priors had an advantage over the MLE in 
all the monitoring stations under study since it provided better performance indicators in 
estimating the numbers of day that exceeded the specified levels of MAAQG of 150 g/m3 
for daily concentrations.  
Though Coles et al. (2003) and Kery (2010) affirmed that the Bayesian approach is superior 
than the conventional methods, but again, there is no single distribution and estimators that 
can best fit the concentrations in various locations in Malaysia since the appropriateness of 
the selected distribution depends on the selection of data, the availability of the size of the 
observations, the variability of the data and the choice of the specific test statistic as discussed 
by Soukissian and Tsalis (2015). The Bayesian approach might be suitable to represent data in 
these three locations, but it might be otherwise for the other locations. This study proposed 
that the distribution be used for the estimation of future exceedances of PM10 in these 
locations. As a result, it may help the policy makers in the respective field to plan suitable 
measures to curb the occurrence of PM10 extreme concentrations and eventually may reduce 
the effects on human health and environment. 
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